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Abstract
Self-assembled Au atomic wires on stepped Si
surfaces are metallic, as evidenced by a one-
dimensionally dispersing plasmonic excitation.
Here we investigate the effects of oxidization
on metallicity along such Au atomic wires on
a regularly stepped Si(553) surface, by employ-
ing infrared absorption and high resolution elec-
tron energy loss spectroscopies. Our results
indicate that only the Si environment under-
goes oxidation, which has a remarkably small
effect on the plasmon dispersion. Only close to
k‖ → 0 the plasmon dispersion ends at increas-
ingly higher energies as a function of oxygen
exposure, which is attributed to standing wave
formation on small sections of Au wires gener-
ated by the introduction of O atoms as scat-
tering centers, not to electronic gap opening.
This interpretation is in full agreement with the
findings by infrared spectroscopy and with low
energy electron diffraction. environment of
metallic chains by adsorption and in particular
by oxidation.
1This document is the unedited Author’s version of
a Submitted Work that was subsequently accepted for
publication in the Journal of Physical Chemistry C,
copyright c© American Chemical Society after peer re-
view. To access the final edited and published work see
doi: 10.1021/acs.jpcc.9b01372
Introduction
Metal-induced atomic wires are the ulti-
mate limit of long-range ordered quasi-one-
dimensional (quasi-1D) electronic systems and
may serve as the smallest possible intercon-
nects in future electronic circuits. Confinement
of conductive electrons within these systems
gives rise to quasi-1D metallic bands with dis-
persion along the chains and brings up 1D elec-
tron channels with high electron mobility.1 In
this respect, self-organized gold atomic wires
on Si(hhk) surfaces are particularly interest-
ing due to their well defined and long-range
ordered surface structures. Depending on vic-
inal angle and direction with respect to the
Si(111) surface, Au atoms arrange themselves
in a single or in double atomic rows per ter-
race.2 Although the structural and electronic
properties of such atomic wires have been ad-
dressed frequently,3–9 the interaction between
these ultimate wires and the environment still
remains rather unexplored. Recent studies on
Si(hhk)-Au surfaces show that the gold-related
bands are no longer free-electron-like, since
they are strongly hybridized with the Si surface
electronic states, particularly close to EF .
8–11
Hence, the nature of coupling between the wires
and substrate defines the electronic properties
of metallic chains.
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In this context, the Si(553) surface with a
terrace width of 1.47 nm, separated by dou-
ble steps of Si, is one of the most addressed
systems. Upon adsorption of 0.48 monolayers
(ML) of Au, the so-called high coverage (HCW)
phase is formed that contains one double gold
strand per terrace, leaving the honeycomb-like
step edge sites free of gold.2,9,10 Apart from a
pairing reconstruction of the Au chains that
give rise to a ×2 periodicity along the chains,
partial spin ordering at low temperatures is
coupled with the formation of a ×3 periodic-
ity along the step edges.4 While there is still
discussion about the details of spin arrange-
ment,12,13 the interaction between these spins
on adjacent terraces is so small that a spin liq-
uid is formed.6 Furthermore, when evaporating
0.19 ML of Au onto Si(553) surface, only ev-
ery second terrace contains a double gold chain
forming the low coverage (LCW) phase with a
wire separation of 3.27 nm.9,10 On the Au-free
alternate terraces two extra dangling bonds per
unit cell remain compared to the HCW phase,
which increase the surface chemical potential
and make this surface more reactive, therefore.
The double Au strands result in the formation
of a doublet of electronic bands for both phases
that are Rashba split.10,14 However, only one of
them seems to cross the Fermi level for both
phases,9,10 giving rise to a single plasmon exci-
tation. As obvious from these remarks, this sys-
tem provides an excellent test ground for mod-
ifications of the
As shown in several studies in the recent
past on two-dimensional (2D)15,16 as well as on
quasi-one-dimensional systems,17–19 the forma-
tion of low-energy plasmons, which in the long
wavelength limit go to zero excitation energy,
is a clear indicator of metallicity. This metal-
licity depends on the environment and can be
altered or even tuned by the embedding mate-
rial or by adsorption. In that sense, we extend
here previous studies of oxidation on Si(557)-
Au20 and hydrogenation of Si(553)-Au.11 These
low-dimensional plasmons should not be mixed-
up with edge plasmons of a 3D solid, usu-
ally called surface plasmons or surface plasmon-
polaritons,21–23 which have a finite excitation
energy in the long wavelength limit.
Furthermore, we want to directly compare
results obtained by electron loss spectroscopy
(HREELS) with those from infrared absorption,
which is known to be sensitive only to infrared
active modes in the limit k‖ → 0.24 Because
of finite wire lengths, the plasmon resonance
becomes optically detectable due to the dipo-
lar character of excitations.7,25 It is thus a very
valuable tool for complementing our HREELS
study that is also important to discriminate be-
tween finite size effects of wire lengths and pos-
sible adsorbate induced band gap opening.
Experimental Setup
The experiments were carried out in two inde-
pendent UHV chambers, both at a base pres-
sure of 5×10−11 mbar. One was equipped with
an IR spectrometer and RHEED.7 The other
chamber was equipped with a high-resolution
spot profile analysis low energy diffraction
(SPA-LEED) system and an electron energy
loss spectrometer that combines both high mo-
mentum resolution with high energy resolution
(EELS-LEED).26 The EELS-LEED yields 0.01
A˚−1 momentum and 12 meV energy resolu-
tion. Pieces of a Si(553) wafer oriented 12.5◦
away from the (111) surface towards the [112]
direction with a precision of ±0.3◦ were used
for the investigations (ρSi(553) ≈ 0.01 Ωcm, n-
doped). For IR measurements low-doped sam-
ples (ρ = 5 − 6 Ωcm, p-doped) were used and
both sides of the sample were polished.
After ex-situ cleaning it was degassed at 600
◦C overnight, followed by flash-annealing up to
1250 ◦C by direct current heating, while main-
taining a pressure lower than 2×10−10 mbar.
The successful preparation and the compara-
bility was proven by SPA-LEED (EELS) and
RHEED (IR) measurements.
In the EELS chamber, nanowires were pre-
pared by evaporating 0.19 ML (LCW) and 0.48
ML (HCW) of Au onto the flash-annealed sur-
face at 630 ◦C. After preparation, the sample
was annealed to 930 ◦C for < 1 s to increase the
atomic ordering. The last step produces a reg-
ular array of (111) terraces with a separation of
14.7 A˚ (for the HCW phase) (see the Fig 1), sep-
2
arated by double-steps oriented along the [11¯0]-
direction, consistent with previous works.10,11
This annealing step was skipped for the LCW
phase.
In the IR chamber, the LCW wires were pre-
pared by evaporating 0.19 ML at 600 ◦C onto
the surface, followed by a post-annealing step at
870 ◦C for 1 s. For the HCW phase, 0.48 ML
were evaporated on the surface, which was kept
at room temperature. A consecutive two-step
post-annealing procedure (430 ◦C for 10 s, 610
◦C for 5 s) finally led to the surface reconstruc-
tion. The Au deposition rate was kept at 0.1
ML/min for all surface preparation procedures.
The amount of Au was controlled by quartz
microbalances. The density is given with
respect to the Si layer density of the top-
most plane (1 ML= 7.83×1014 atoms/cm2).26,27
Moreover, a SPA-LEED (or RHEED) pattern
was taken after each preparation to monitor the
sample quality. For adsorption measurements
the chamber was back-filled with oxygen of
≈ 2× 10−8 mbar by a special gas line. Gas pu-
rity was checked via quadrupole mass spectrom-
eters (QMS) in order to avoid any contamina-
tion with other gases. After exposure the oxy-
gen flow was stopped and the pressure dropped
immediately below 2× 10−10 mbar. Only below
this pressure IR and ELS-LEED measurements
were started. This procedure helps to avoid
an extra shift of spectra as a consequence of
residual oxygen adsorption. The gas exposure
is given in Langmuir (1L = 1×10−6 mbar·s).
All measurements were carried out at room
temperature. For EELS, an integration time of
around ≈ 10 min per scan was chosen. The
IR measurements were carried out by using a
Fourier transform IR spectrometer (Tensor 27,
Bruker) which is directly coupled to the UHV
chamber by KBr windows. For acquiring spec-
tra, a mercury cadmium telluride detector was
used. All measurements (flash-annealed Si ref-
erence and Au nanowires) were scanned 200
times (measurement time: 86 s) with a resolu-
tion of 4 cm−1 in transmittance geometry under
normal incidence of light with either perpendic-
ular or parallel polarized IR radiation (with re-
spect to the Au wires). By dividing the spectra
with wires by the reference spectra, the relative
transmittance was obtained.
Results and Discussion
Structural investigations
The room temperature SPA-LEED pattern
from the freshly prepared HCW phase is given
in Fig.1a). The sharp integer order diffraction
spots from Si(1x1) unit cell (attributed to step
train) are clearly visible in both cases. The
sharpness of these spots are indication of well
arranged surfaces. ×2 streaks reflect dimeriza-
tion of the Au double-chains along the [110]
direction. The spot splitting of 22.6% SBZ
(surface Brillouin zone) for the HCW phase
corresponds to a periodicity of 41
3
a⊥/ cos 12.5◦
(a⊥=3.32 A˚ is the substrate unit cell along the
[112]-direction).
Interestingly, no qualitative changes are ob-
served by adsorption of oxygen, even at an ex-
posure of 200 L (see, e.g., Fig. 1b). Only the
intensity of the ×2 streaks is reduced and their
FWHM in [11¯0] direction increases, as shown
in more detail in Fig. 1c) . In other words,
oxygen adsorption distorts the long range or-
der of the Au chains and breaks them up into
smaller section. The reduction of the average
chain lengths can be estimated from the inverse
halfwidth (see below).
The LCW phase, in which only every sec-
ond terrace is covered with a double strand of
Au,10 behaves qualitatively quite similar, but
with a higher sensitivity to oxygen. The large
wire separation 32.7 A˚ minimizes the coupling
between adjacent wires and results in the elec-
tronic structure described in refs.9,10
Plasmonic excitations and their
modifications
The typical loss spectra as a function of k‖ from
the HCW Si(553)-Au are given in Fig. 2a). In
both LCW and HCW phases this dispersing loss
can only be observed along the Au wires. The
exponential decay of background intensity as a
function of energy (see Fig. 2) is known as the
Drude tail and is characteristic for the metallic-
3
Figure 1: SPA-LEED patterns of the HCW phase of Si(553)-Au (a) and after oxidation (b) Primary
energy: 138 eV. White lines: Line scans along [11¯0] normalized to the central intensity. c) Depen-
dence of the full widths at half maximum of the ×2 streaks along the [11¯0] direction on oxygen
exposure. Inset: magnification of the initial section.
ity of these systems. An overview of the plas-
monic excitations on the clean Si(553)-Au sur-
face, demonstrating their close relation to the
unoccupied bandstructure, has been given in
ref. 9
Upon oxidization a dispersionless loss peak
at ≈ 100 meV emerges, which is identified
with the Si-O stretch vibration normal to the
surface.20 It corresponds to stretch frequen-
cies representing the initial stages of Si oxida-
tion on their flat counterparts.29–31 The exis-
tence of this loss proves the presence of oxygen
atoms on the surface, which also gets more in-
tense with higher O2 dosage. This peak is also
clearly seen with infrared spectroscopy (see be-
low). Its vibrational energy depends slightly on
oxygen coverage, as discussed in ref.30 Because
IR transmittance at normal incidence of light
is sensitive only to vibrational dipoles parallel
to the surface, the Si-O bonds should have a
oblique orientation on the surface. The appar-
ent increase in its intensity with increasing k‖,
however, is not real, since it is due to the nor-
malization of the spectra to the elastic peak at
a given k‖.
Previous studies with DFT of the oxidation
of Si(557)-Au32 show that dissociation of oxy-
gen molecules is not possible at Au sites. Even
direct binding of oxygen atoms with the Au
chains directly is very unfavorable, so that only
the Si surface atoms will be oxidized. Since
the local structure of Si(553), apart from the
Si adatom chain, is quite similar, this result
should also hold qualitatively for the Si(553)-
Au system. Thus, electronic changes of the wire
properties should only occur by indirect interac-
tion. The plasmon dispersions for the clean sys-
tem and after oxidization with various amounts
of oxygen are shown in Fig.3. The solid lines
starting at zero energy at k‖ = 0 are fits with
a modified confined free electron gas model.28
However upon oxidization the plasmon disper-
sion deviates from this extrapolation at k‖→0
and the onset of deviation shifts to higher k‖
with increasing O2 dosage. For k‖ > 0.05 A˚−1
dispersion is insensitive to oxidation up to an
exposure of 100 L within error margins charac-
terized by the scatter of data points in Fig. 3.
A general reduction of plasmon dispersion was
only observed above an exposure of 100 L, but
even at an exposure to 200 L was only around
15% with respect to the clean surface.
Comparing these results with a recent study
on the oxidation of Si(557)-Au, there is signifi-
cant similarity. In both cases metallicity with-
stands adsorption of a very significant amount
of oxygen. At first glance, the Si(553)-Au sys-
tem seems to be less reactive than Si(557)-Au,
since much higher doses of oxygen are needed
to induce any change of dispersion in the for-
mer system. However, this statement should
be taken with caution, since in simulations of
Si(557)-Au + O system the plasmon dispersion
turned out to be quite insensitive to oxidation
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Figure 2: Electron energy loss sample spectra from a) the clean Si(553)-Au HCW phase b) same
after oxidation with 100 L of oxygen. Both sets were measured at the k‖ along the [11¯0] direction,
values indicated at the bottom left. c) Comparison on clean (bottom) and oxidized (top) EEL
spectra at the two k⊥ values indicated. d) Illustration of the fit routine (solid lines in a and b)
applied to extract the plasmon dispersion.
of the Si honeycomb chain, which is the com-
mon structural element on both surfaces.20 In
fact, the largest changes in plasmon dispersion
induced by oxygen adsorption were due to oxi-
dation of the Si adatom chain, which does not
exist in Si(553)-Au. Therefore, these results
are fully compatible with the assumption that
mainly the Si step edge with its local honey-
comb structure (HC) is oxidized on Si(553)-Au,
which then has a small and only indirect effect
on the conductive properties of the Au chains,
but does not mean that the reactivity with oxy-
gen is low.
This statement is corroborated by theoret-
ical results of complete oxidation of the HC
chain on Si(553)-Au,32 which even agrees semi-
quantitatively with the slight reduction of the
plasmon frequency measured at the oxygen ex-
posure of 200 L. In the simulation, the dis-
persion of the Au-induced unoccupied band is
slightly lowered compared with the unoxidized
surface and band gap opening at 500 meV above
EF is seen, together with possibly a small band
gap opening (< 100 meV) close to EF . This
opening of a small band gap may be the reason
for the reduction of measurable DC conductiv-
ity at essentially the isotropic background level
for oxygen exposures around 200 L O2.
32
If we extrapolate our measured plasmon dis-
persion to k‖ = 0 at the highest oxygen expo-
sure, we end up at a value of 280 meV, i.e. at
a much higher value than that expected from
such a small band gap. In other words, this
high extrapolated value is not dominated by a
band gap, but is more likely due to disorder
induced by oxygen adsorption.
Inevitably oxygen adsorption, which occurs in
a random fashion, as concluded from our LEED
results, induces disorder in the system. The
consequence is an increased scattering rate also
for plasmons, which on the wires can only be
backscattered. Therefore, standing plasmonic
waves on shorter and shorter sections of the Au
wires are formed by increasing concentrations of
oxygen, and dispersing plasmons can only exist
for shorter wavelengths than these limits. As a
result, the dispersion close to k‖ = 0 disappears
for larger and larger sections. This behavior
is reflected by an increase of plasmon loss en-
ergy as a function of oxygen exposure at fixed
small k‖, as shown in the top panel of Fig.4 for
k‖ = 0.02 A˚. This contrasts with the behavior
5
Si(553) + 0.48 ML Au
+ 100 L O2
+ 200 L O2
En
er
gy
 (m
eV
)
0
100
200
300
400
500
600
700
k|| (Å-1)
0 0.025 0.05 0.075 0.1 0.125 0.15
Figure 3: Plasmon dispersions for clean Si(553)-
Au HCW phase and after various exposures to
oxygen, as indicated. The data set from ref. 9,28
was added in order to demonstrate the level of
reproducibility. Solid black, red and blue lines:
fits with the semi-empirical model according to
ref. 28 .
at large k, where the plasmon loss was found to
be constant over a wide range of exposures and
finally decreases (see Fig. 4 at k‖ = 0.09A˚−1)
above 100 L of O2.
Plasmon resonance: oxygen-
induced standing wave formation
The interpretation of the EELS data at small
k‖ is supported by infrared transmittance ex-
periments.
As a function of oxygen exposure we see a
gradual shift of the absorption minimum to
higher wavenumbers, accompanied by succes-
sive broadening. As already suggested for the
pure system,7,33 the absorption minimum is
mainly sensitive to the average chain length
that is relevant for plasmon propagation, while
the absorption width also reflects changes in
the length distribution. Therefore, the observed
shift of the absorption minimum indicates suc-
cessive shortening of the average wire length,
while the increasing absorption width is indica-
tive for the widening of the distribution of wire
length as a function of O2 exposure. The re-
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Figure 4: Changes of plasmon energy at defined
k‖ as a function of O2 exposure on the HCW
phase.
sulting relative transmittance IR spectra from
the as prepared and oxygen exposed Si(553)-
Au surfaces are presented in Figs. 5 (HCW)
and 8 (LCW), respectively. Strong absorp-
tion is only seen for polarization parallel to
the wires (in the [110] direction), which reflects
the anisotropic metallicity of self-assembled Au
wires. The observed absorption feature is as-
sociated with the low-energy plasmonic excita-
tion in metal-induced atomic chains, as stud-
ied previously7–9,17 for different surfaces. The
weak absorption signal around 950 cm−1 ap-
pears upon oxygen adsorption. It is attributed
to Si-O stretch mode and provides evidence for
dissociative adsorption of oxygen.29,30 We first
concentrate on the gradual shift of IR absorp-
tion minima and interpret this shift as being
due to an effective shortening of wires by oxi-
dation. The spectral shape, especially the plas-
monic resonance position of the HCW wires was
investigated by fitting the data according to
ref. 25 With this assumption we identify the en-
ergy of the IR absorption minima with the en-
ergy of the ground state of a plasmon standing
wave on wires with an average length l. This
wavelength cannot be exceeded at a given oxy-
gen concentration so that no dispersion is pos-
sible for smaller k‖. Therefore, we took the en-
ergies of the IR absorption minima and deter-
mined the corresponding k‖ value as the inter-
section of a non-dispersing state of this energy
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Figure 5: Relative transmittance spectra of
clean and oxidized Au-Si(553) surfaces for the
HCW phase. Relative spectra were obtained by
referencing the spectrum to clean Si(553) sur-
face (measured before Au evaporation) from the
spectra of Au wires on Si. Solid lines represent
the fit from the formula as described in text.
with the actual dispersion shown in Fig. 3. We
further assume that the wavelength at this k-
value is that of the plasmonic ground state, i.e.
the wavelength is twice as long as the average
wire.
This average wire length is plotted in Fig. 6b)
as half of this maximum wavelength. The ini-
tial value of about 31 nm effective length with-
out oxygen is in good agreement with the re-
sult obtained in ref. 7 Oxidation, which hap-
pens mainly on the HC Si chain,32 still has a
significant influence also on plasmon scattering
by defects, which strongly increases so that the
effective wire length for plasmons decreases cor-
respondingly, as shown in this figure.
A very similar trend is seen when taking the
inverse halfwidths (FWHM) of the ×2 streaks
along the [11¯0] direction in LEED (see Fig. 6a))
from measurements similar to those in Fig. 1.
The reduction of the correlation length of ×2
order as a function of oxygen exposure is even
more pronounced than in IR and starts at a
significantly smaller value, indicating different
sensitivity of IR and LEED to various types
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Figure 6: a) Correlation lengths of ×2 streaks
as a function of oxygen exposure in Si(553)-
Au, determined as the inverse FWHMs from
the line scans shown in Fig. 1. b) Maximum
plasmon wavelengths divided by 2, determined
from the energetic positions of the absorption
minima (Fig. 5 in conjunction with the plasmon
dispersion (Fig. 3). For details, see text.
of disorder introduced by oxygen atoms. It is
noteworthy to mention that the small change in
band structure in this case is shifting the reso-
nance to longer wavelength- and thus the used
approximetion may deliver a little bit too long
lengths.
These different sensitivities to defects can at
least be qualitatively understood. Plasmons
generally have a wavelength, λ a (a is the lat-
tice constant), and exhibit a pronounced wave-
length dependence34 that makes the scattering
probability at defects of atomic size small at
long wavelengths. On the contrary, stacking
faults in the dimerization of the Au chains, e.g.,
clearly cause phase changes in LEED and thus
limit the correlation length in LEED, whereas
they are expected to represent weak scatter-
ers for the plasmons with wavelengths. Kinks
in the Au chains, on the other hand, caused
by roughness of step edges or slight azimuthal
misalignment of the sample, should also scatter
plasmons more efficiently. Therefore, we always
expect a higher sensivitity to structural defects
in LEED than for plasmons.
This scattering scenario remains essentially
unchanged when the system is oxidized: As out-
7
lined above, oxidation happens mainly on the
(insulating) Si HC chains, i.e. it only indirectly
influences the conducting channel by possible
local relaxations of the Si atoms involved in
oxygen bonding. Thus it influences the local
effective wire width and/or causes distortions
of the bandstructure close to EF . Again, the
geometric distortions by disordered oxygen ad-
sorption seem to be more drastic compared with
the electronic modifications, as concluded from
a comparison of the FWHM in LEED with the
plasmonic dispersion curve, which turns out to
be virtually unchanged up to an exposure of
about 100 L. Therefore, the random geomet-
ric disorder reflected in the reduced correlation
length due to O adsorption in LEED shows a
similar tendency as the effective wire length
for plasmons, but the plasmonic effective wire
lengths are larger by a factor of 2.5 to 3. The
widening of the IR absorption spectrum, on the
other hand, is an indication of electronic damp-
ing which reduces absorption and also broadens
the resonance.
The LCW phase
The plasmons in the LCW phase turn out to be
more sensitive to oxidation. The weaker plas-
mon signal of this phase compared with HCW
(see Figs. 2 and 5) can easily be understood,
since only 4/9 of the surface consist of terraces
hosting a gold wire. A further loss of inten-
sity is caused by the lower quality of ordering
that is obvious from the diffraction profiles (not
shown). On the other hand, Si adatoms with
unsaturated bonds at the uncovered Si(1×1)
terraces make this surface chemically more re-
active than the HCW surface. For these reasons
only 30% of the initial loss intensity remains
after an exposure of 10 L O2, which made it
barely detectable at higher exposures. By ap-
plying the same fit routine as shown in Fig. 2,
the plasmon dispersion shown in Fig. 7 was ob-
tained.
At small k‖ an increase of plasma frequency
was seen as a function of oxygen exposure
that is very similar to that in the HCW phase
(see Figs. 5 and 8). Therefore, it must have
an analogous origin. Only the sensitivity to
Si(553) + 0.19 ML Au
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Figure 7: Plasmon dispersion of the clean and
oxidized LCW phase obtained from the loss
maxima in EELS. The inset shows the evalu-
tion of plasmon frequency as a function of O2
dosage at two fixed values of k‖.
oxygen exposure is higher, which limits the
possible range of exposures in EELS to 10
L. This higher sensitivity is also reflected in
oxygen-induced changes of the plasmon disper-
sion (Fig. 7). Contrary to the HCW phase, how-
ever, O adsorption tends to increase the plas-
mon dispersion (see inset in Fig. 7).
While changes in band structure close to EF
are expected to be very similiar in both phases,
qualitative differences may be due to the fol-
lowing mechanisms: First, the reduction of the
dielectric function should be more significant
in the LCW phase, since a much larger frac-
tion of the surface is pure Si, which is primar-
ily oxidized to form SiOx. Second, the relax-
ation of surface tension by oxidation in the un-
covered terraces may induce additional confine-
ment normal to wires.
The qualitative behavior of IR absorption
spectroscopy at normal incidence as a function
of oxygen exposure is similar as for the HCW
phase (Fig. 5), and is in agreement with the in-
terpretation of the small k-behavior given there.
Also in IR the absorption is significantly smaller
than for the HCW phase for the reasons al-
ready discussed above. Compared with EELS,
an absorption signal is detectable up to consid-
erably higher oxygen exposures. Interestingly,
8
par Pol
LCW
0.5 L
1 L
2 L
3 L
5 L
10 L
15 L
25 L
50 L
100 L
200 L
R
el
at
iv
e 
tra
ns
m
itt
an
ce
0.985
0.99
0.995
1
Wavenumber (cm-1)
1000 2000 3000 4000 5000 6000
Figure 8: Relative transmittance spectra at
normal incidence with polarization along the
wires from the clean Si(553)-Au LCW phase
and after oxygen exposure, as indicated.
any plasmonic absorption disappears for expo-
sures above 50 L, contrary to the HCW phase,
while the absorption due to the Si-O stretch is
still clearly visible. Therefore, we conclude that
metallicity is in fact destroyed for oxygen expo-
sures above 50 L. Whether this finding is due to
extreme disorder or still a bandstructure effect
has to remain an open question at this point.
Summary and conclusions
Our investigations, using a combination of
HREELS, IR spectroscopy and LEED, demon-
strate valuable complementarity of methods.
Specificly for the systems investigated here, we
showed that metallicity in the high coverage
phase of Au on Si(553), containing a double
wire of Au on each terraces, is quite robust,
as judged from the small changes of plasmon
dispersion upon oxidation. It is, however, sus-
ceptible to disorder introduced by the adsorp-
tion of oxygen mainly in the honeycomb chain
of Si at the step edge, with leads to formation
of standing plasmonic waves. While opening of
a small bandgap close to EF cannot be fully
excluded, it does not dominate the measurable
plasmon dispersion.
The low coverage phase, however, is much
more sensitive to oxidation. While similar be-
havior as in the HCW phase was found for small
oxygen exposures, there is an overall increase of
plasmon dispersion, which can be rationalized.
The complete disappearance of the plasmonic
absorption signal in IR at high oxygen expo-
sures, however, demonstrates final destruction
of metallicity of this phase.
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